In view of the previous work on magnetic Fe 3 O 4 nanoparticles-based layered double hydroxides (magnetic Fe 3 O 4 /LDHs) as novel photocatalyst, research on this group of composites became one of the most attractive topics of nowadays. The magnetic Fe 3 O 4 /LDHs materials are often utilized for environmental remediation and photocatalysis. Hybrids of layered double hydroxides (LDHs) and Fe 3 O 4 MNPs are efficient nanocomposites due to their flexible properties and the excess of composition available for modification. So, critically reviews on the hybrid of the work magnetic Fe 3 O 4 /LDHs composite are the first report that efficient nanocomposites because of their flexible properties, energy and time used for separation, reduced consumption of additional materials can result in significant environmental and economic benefits. "The electrostatic interaction between the positively charged LDHs nanocomposites and negatively charged Fe 3 O 4 MNPs is adequate to make the formation of stable self-assembly of the two components". This review article discussed the magnetic Fe 3 O 4 /LDHs nanocomposites synthesis and applications in the photo catalysis, drug delivery and environmental remediation.
Introduction
At present, the preparation of magnetic nanoparticles (MNPs) consciously studied owing to their great fundamental scientific attention as well as many technological applications in water purification and photocatalysis [1] [2] [3] [4] . Magnetic materials and non-magnetic are separated using an applied magnetic field. The MNPs are effective adsorbent owed to their large specific surface area in addition to magnetic properties to allow the effective separation in the short time using an external magnetic field. However, the nano sized Fe 3 O 4 MNPs suffer from some shortcomings such as low chemical stability, agglomeration which makes its industrial applications inconvenient [5] [6] [7] . Therefore, fabrication of nanocomposites is a subject of great importance in developing functional nanomaterials such as catalysts [8] , nano medicines [9] , electronic materials [10] , and pollutant scavenger [11] . Various kinds of nanomaterial components, such as 0-dimensional particles [12] , 1-dimensional tubes [13] or fibers [14] and 2-dimensional nanosheets [15] , have been utilized to fabricate nanocomposites having various functionalities. Especially, 2-dimensional nanosheets have attracted interests to prepare nano composites for catalysts [16] , electrodes [17] , and energy storage [18] , due to their high specific surface area, unusual physicochemical property resulting from anisotropic structure and controllable compositions. Among the 2-dimensional nanosheets, layer double hydroxide has proven to be the suitable and easily accessible materials to stabilize the MNPs [19] [20] [21] [22] [23] [24] .
The shape and characteristics of layered double hydroxides were first demonstrated by powder XRD by Allmann and Taylor [25, 26] . Layered double hydroxides (LDHs) with the common formula [M 1 3+ ), respectively; x, ranging from 0.20 to 0.33, stands for molar fraction of M 3+ in the meatalic ions; and A n− can be almost any organic or inorganic anion. Furthermore, the ascendancy of employed LDHs as a adsorbent of powerful photo catalysts with collective active sites are based on the following characteristics: (i) the layered structures are collected of enormously hydroxylated surfaces which were earlier described to increase the photo catalytic activity [27, 28] , (ii) the flexibility of the brucite-like sheets composition which may permit the insertion of strategic cations, such as Co 2+ and Al 3+ within the LDHs network and, therefore, might act as charge separation centers enhancing the competence in subsequent applications [29] , (iii) brucite type layers can be supplied a good metal dispersion within the layers.
Consequently, the combination of Fe 3 O 4 MNPs and LDHs were evolved recently to improve separation and reproduction of the catalyst from water. The novel magnetic Fe 3 O 4 / LDHs nano composites can be used in a variety of applications, with targeted drug delivery [30] , magnetic resonance imaging [31] , photo catalysis [32, 33] and environmental remediation [34] [35] [36] [37] . Overall, an optimal magnetic Fe 3 O 4 / LDHs photocatalytic structure aims to meet the following requirements. (i) The synthesis and the manufacturing process are both simple and easy with high-yield. (ii) Magnetic Fe 3 O 4 /LDHs composite system displays superior photocatalytic performance remarkably better to existing naked Fe 3 O 4 and pure layered double hydroxides sample. (iii) Magnetic Fe 3 O 4 /LDHs photocatalyst must be recycled through an external magnetic field that make easy regeneration and reuse. Eventually, the Fe 3 O 4 /LDHs photocatalyst must have a good photo corrosion resistance ability and must be stable at room temperature few days. Some review articles are available on individual LDHs and magnetic iron nanoparticle that focus on the preparation and their catalytic applications [38] [39] [40] [41] [42] [43] . Daud et al. was studied graphene/layered double hydroxides nanocomposites evaluated the research progress and new developments in the area [44] . Herein, the techniques employed for the preparation of magnetic Fe 3 O 4 / LDHs nanocomposites and their novel potential applications in the area of photo catalysis and environmental remediation. The best of our knowledge, this is the first review with the most recent growth in the field of magnetic Fe 3 O 4 /LDHs nanocomposites. [45] . Over the past few decades, the Fe 3 O 4 MNPs were found in a variety of structures and morphologies because of the importance of fundamental research. Conversely, the nontoxic and stable magnetic iron oxide nanoparticles were applied in various fields such as separation and detection of proteins [46] , immunoassay [47] , to improve the sensitivity of magnetic resonance imaging [48] , drug and gene delivery [49] [50] [51] , etc. However, the use of the Fe 3 O 4 MNPs has also a lot of concentration in the field of catalysis [52] , bio-sensing applications [53] , targeted drug delivery [54, 55] , cancer therapy [56] , proton exchange membrane [57] , sensor [58] , and magnetic resonance imaging [59, 60] . Choi and co-workers Fe 3 O 4 nanoparticles are made of different shapes including solid nanospheres. Every magnetite nanoparticle showed ferromagnetic behavior with different values of coercivity (Hc) and saturation magnetization (Ms) and these values are highly depended on the shape owing to their shape, spin disorder, surface anisotropy and grain size [61] . As shown in Fig. 1a coercivity (HC), remanence magnetization (Mr), the saturation magnetization (MS) can be obtained from the hysteresis loops. The backward and forward magnetization curves overlap completely [62, 63] . Many synthetic techniques have been developed to prepare magnetic Fe 3 O 4 MNPs such as sol-gel [64] , hydro thermal/solvothermal [65] , sonochemical [66] , micro-emulsion [67] and co-precipitation methods [68, 69] . Except for the above methods, other chemical or physical methods can also be employed to synthesize magnetic iron oxide nanoparticles, such as the electrochemical methods [70] [71] [72] flow injection synthesis [73] aerosol/vapor methods [74] [75] [76] , etc.
Properties of magnetic

Properties of LDHs
Layered double hydroxides (LDHs) and host-guest complexes are two of the most techno logically promising inorganic systems, because of the mesoscopic controllability of their crystallite size and size distribution, the microscopic controllability of nature and amount of interlayer anions and the microscopic controllability of their layer chemical composition [77] [78] [79] [80] . Layered double hydroxides (LDHs) are a group of anion-intercalated inorganic functional materials, which are also known as hydrotalcite-like compounds or anionic clays due to some of their interesting properties, such as high chemical and thermal stability, intercalated anions with interlayer spaces, ease of synthesis, unique structure, uniform distribution of different metal cations in the brucite layer, surface hydroxyl groups, flexible tunability, oxobridged linkage, swelling properties and ability to intercalate different type of anions [81, 82] . The lamellar structure of LDHs is based on positively charged brucite-like sheets with anions and water molecules intercalated between the layers (Fig. 1b) [83] . The specific surface area of LDHs is 20 to 120 m 2 /g [84] . After calcination, LDHs can be changed into layered double oxides (LDOs) with spines or mixed metal oxides as the main component. An important property of LDO is the "memory effect" which means that this calcined product can reconstruct LDHs original layered structure via rehydration and simultaneous incorporation of anions into the interlayer from aqueous solution. LDOs that work as good catalyst for various chemical reactions of metal cations and high surface area [85] . LDHs also extensively catalyzed by strong interactions between LDHs and the arranged metals [86] . In addition, LDHs have very attractive properties, such as anion exchangeability, biocompatibility and composition flexibility [78, 87] . and LDHs can be simply got by a direct mixing method. As a result the nanocomposite sample produces constant suspension in the aqueous solution and is instantly separated to an external magnetic field. Nano hybrids species developed include new class of magnetic Fe 3 O 4 /LDH nano composites that may hold great potential for photo catalysis and environmental remediation. Basically, the removal of LDHs sorbents form aqueous solution was every time hard because it has a platelet-like shape which tends to diffuse in aqueous solution. Successfully hybrid of magnetic particles with LDHs were prepared and examined for various applications such as degradation of dyes [88] , protein separation [89] , humic acid [90] , phosphate removal [91] and drug delivery [92] . In Fig. 1c , it hesitantly proposes a formation mechanism of the present magnetic Fe 3 O 4 /MgAl-LDHs, which is relatively special from the reported LDHs vertically and horizontally oriented nanohybrids Fe 3 O 4 /MgAl-LDHs [93] [94] [95] . Furthermore, the SEM, TEM and EDX analyses confirmed that the magnetic nanocomposite of LDHs and Fe 3 O 4 was synthesized and stable in aqueous solution via electronic interaction forces [96] . The electronic interaction between the negatively charged magnetite nanoparticles and positively charged LDHs was sufficient to induce stable selfassembly of the two components. This interaction can form a stable colloidal suspension of the composite in aqueous solution [88] . given the preparation methods of magnetic Fe 3 O 4 /LDHs nanocomposites.
Properties of Fe 3 O 4 /LDHs nanocomposite
Synthesis of magnetic Fe 3 O 4 /LDHs nanocomposites
Co-precipitation synthesis
Co-precipitation Fe 3 O 4 /LDHs nanocomposites provide the conventional approach to the synthesis of nanohybrid. However, co-precipitation can generate wide particles size distributions with an average size ranging from submicron to tens of microns if the essential safety is not taken. Sometimes calcined powder sometimes needs to be strapped to contribute to the reduced purity to achieve the desired particle size. In the case of LDHs as photocatalyst co-precipitation is the mostly used technique accepted by researchers. Garcia et al. reported a common co-precipitation method for the synthesizing of Zn-Cr LDHs with NaOH and urea solution as precipitators for photocatalytic applications [97] . The co-precipitation technique is a method that is employed widely for the preparation of a different of LDHs and novel magnetic Table 1 .
Hydrothermal syntheses
Hydrothermal method is a typically important technique to synthesize Fe 3 O 4 /LDHs nano composites. Hydrothermal synthesis is a solution reaction based approach. In a broader sense, it can be defined as the method for making materials from room temperature to high-temperature solutions. To control the morphology of the materials to be prepared, either low pressure or high-pressure conditions may be used depending on the vapor pressure of the main composition in the reaction. This is very easy and credible method for the preparation of Fe 3 O 4 /LDHs nanocomposites through hydrothermal process which high purity Fe 3 O 4 /LDHs nanocomposites may be obtained. Herein, the solution obtained through co-precipitation method after the sample stirring is transferred to a Teflon-lined autoclave at certain temperature and time for the pressure maintained in the autoclave allows the boiling point of the aqueous solution to increase, thereby preventing evaporation and allowing nucleation to occur. Optimization of the sizes and structures of the Fe 3 O 4 /LDHs nanocomposites may be achieved through changes in the experimental parameters such as mixing time, pH, heating duration and heating temperature. In this method, Prasadarao et al. has been investigated Fe 3 O 4 /ZnCr LDHs composites for study the themo-chemotherapy [104] . An illustration of this method is presented in Fig. 2b . Another study also addressed synthesis of Fe 3 O 4 /LDHs nanocomposite. Dan Chen and his co-workers have successfully synthesized the magnetic Fe 3 O 4 /ZnCr LDHs composites for the removal of heavy metal ions and organic dyes degradation [105] .
The hydrothermal synthesis is more advantage than coprecipitation method due to the well crystallized sample with uniform morphology [106] .
Solvothermal reaction
Solvothermal route is one of the most frequent and efficient preparation methods to make the Fe 3 O 4 /LDHs nanocomposites with different of morphologies. In this method, the autoclave is filled with water or organic compounds to take reaction in high temperature and pressure conditions [107] . If the nonaqueous solution is used as medium reaction, it is called a solvothermal method. This route can help and speed 
Photoreduction of organic dyes
Photocatalytic degradation has given an aqueous solution to organic pollutants by completely changing molecular to mineral acids, H 2 O and CO 2 [108, 109] . Nevertheless, taking into account economic cost and the large band gap they are inappropriate for amazing huge amounts of wastewater. (Fig. 4b) . Clearly, Ni, Cu, Al, and O elements were all present in the (Cu/Ni)-Al LDHs/Fe 3 O 4 composite. However, the (Cu/Ni)-Al LDHs/Fe 3 O 4 composite contained all of these elements as well as Fe, providing the best evidence for the formation of the magnetic nanocomposite. The results of these analyses, therefore, confirm that the magnetic nanocomposite of LDHs and Fe 3 O 4 was synthesized and stable in aqueous solution via electronic interaction forces. The electronic interaction between the negatively charged magnetite nanoparticles and positively charged LDHs was sufficient to induce stable self-assembly of the two components. This interaction can form a stable colloidal suspension of the composite in aqueous solution. Owed to the CB of NiAl-LDHs is smaller than the work function of graphene, the photo generated electrons in the CB of NiAl-LDHs would competently migrate into the unoccupied electron level of graphene sheets, which are very well and successfully decorated by NiAl-LDHs nanoplatelets. Moreover, the NiAl-LDH/Fe 3 O 4 -RGO nanocomposites exhibited magnetically separable ability and stable catalytic activity, which is beneficial to its practical application. The pollutants would not only be adsorbed on the surface of Fe 3 O 4 / LDHs, but also be degraded, and this can greatly increase the wastewater treatment capacity.
Magnetic Fe 3 O 4 /LDHs nanocomposites for organic dyes adsorption
The organic dyes are widely utilized in industries including food, cosmetics, leather and textile. Nevertheless, various dyes are toxic to microorganisms and harmful to human being, therefore, the exclusion of dyes has been increased more attention over the past few years [111] . A variety of chemical and physical methods such as coagulating sedimentation [112] , adsorption [113] chemical oxidation, were studied to degrade the organic dyes from contaminating water. Among these methods, adsorption is extensively utilized techniques for the degrade of organic dyes in a water solution [114] [115] [116] .
Lu et al. has been explored the spectral and organic dyes degradations by integrating magnetic Fe 3 O 4 nanoparticles with layered double hydroxides via co-precipitation synthesis [95] . The synthesized Fig. 7c, d . Correspondingly, the exposed surface area of LDHs is reduced. As a result, their suspensions were not stable and the particles quickly settled as shown by the photos of Fig. 7c, d inset. However, they have been selected Congo red dye as an organic dye in this experiment. It is notable that the whole process can be concluded within 15 min due to the oxidative regeneration processes and quick adsorption.
In addition, Wang et al. has been investigated the removal of humic acid (HA) from aqueous phase using the Fe 3 O 4 / LDHs nanocomposites [90] . The results demonstrated that HA removal on 
Magnetic Fe 3 O 4 /LDHs nanocomposites for heavy metal ion adsorption
The Fe 3 O 4 /LDHs nanocomposites used for adsorption should have the maximum number of active sites, high surface area and high porosity. The magnetic Fe 3 O 4 /LDHs nanocomposites satisfy all the mandatory features of removal of toxic metal ions. The nanocatalyst is explored mainly for the exclusion of contaminated metal ions from aqueous solution and also from the atmosphere by adsorption [117] [118] [119] . Furthermore, Fe 3 O 4 /LDHs nanocomposites were efficiently studied in the adsorption of heavy metals, such as chromium, Pb 2+ , As 3+ , Ni 2+ , Hg 2+ and Cd 2+ in aqueous treatment and radioactive uranium (VI) was utilized for the adsorption of other toxic metals ions [120] .
A novel magnetic Fe 3 O 4 /C/LDHs composite was investigated by a two-step layer-by-layer method by Zhang et al. [120] . The saturation magnetization of . When the pH value increases up to 2-5 removal efficiency increases, whereas, adsorption efficiency decreases upon the pH 5-9. At lower pH, UO 2 2+ is the predominate species of U (VI). As the solution pH is increased, the hydrolysis products such as (UO 2 ) 3 (OH) 5+ (UO 2 ) 2 (OH) 2 2+ , and UO 2 OH + , are formed [121, 122] . Moreover, the effect of [123] . The removal ratio of Cr(VI) is apt to reduce with the increase of solution pH. The removal of Cr(VI) on Fe 3 O 4 /LDHs was explored by varying pH in the range of 3.00-12.00. The pH effect on Cr(VI) adsorption can be explained by the surface properties of the adsorbents and evaluation of the solute. At lower pH, 3-6.8, HCrO 4 − is the predominate ion of Cr(VI), and at higher pH 6.8-10, only CrO 4 2− is stable [124] . The adsorption kinetic data explained well with a pseudo second order kinetic model and equilibrium data fitted well to the both Langmuir and freundlich equation. Adsorption thermodynamic showed that the removal of hexavalent chromium was endothermic and spontaneous in nature. The Fe 3 O 4 /ZnAl LDHs composite has a large surface area and mesoporous properties it displays superior adsorption of toxic metals from water. (Fig. 8a) . The Fe 3 O 4 sample was composed of spherical particles with a diameter of approximately 20 nm, and the GO sample was composed of wrinkled sheets each could be distinguished in the Fe 3 O 4 /GO/ LDHs composite (Fig. 8b) . As well, hexagonal crystals, typical of LDHs, were observed, and the lateral size of the LDH crystals was ~ 200 nm. In addition, both the Fe 3 O 4 nanospheres and LDH crystals appeared to be anchored to the surface of GO (Fig. 8b) Gwak et al. has been studied nanocomposites containing magnetic Fe 3 O 4 nanoparticles and LDHs nanosheets were prepared by two different methods, exfoliation-reassembly and coprecipitation, for aqueous chromate adsorbent [125] . The surface morphology of exfoliation-reassembly method was smooth compared with that of co-precipitation method which showed agglomeration of small particles. Such smooth surface of nanoparticles has been reported in the nanocomposite between nanoparticles and nanosheets, suggesting house of card structure developed by reassembled nano sheets [119, 126] . Exfoliation-reassembly method and co-precipitation method showed maximum adsorption amount of 54.68 and 50.65 mg Cr(VI)/g nanocomposite after Fig. 9a . The Cd(II) removal efficiency was increased by the increase in the adsorbent dosage Fig. 9b . The removal mechanisms of contaminating metal ions by layered double hydroxides participated, isomorphic substitution, surface complexation, chelation and precipitation as reported by Liang et al. [127] . Komarneni et al. were proposed that the mechanism of transition metal ion uptake by MgAlLDHs was diadochy [128] . Park et al. showed that LDHs eliminated cupper (II) and lead (II) ions from water phase mostly by the precipitation and surface adsorption [129] . The magnetic Fe 3 O 4 /MgAl-LDHs can be rapidly and simply alienated utilizing a magnet before and after the removal of heavy metals from aqueous solution in adsorption process. There are many hydroxyl groups bonded to octahedral metal atoms on the surface of LDHs and many excess hydroxide ions around the LDHs due to its high buffering capacity. Consequently, the preferred adsorption mechanisms between Mg-Al-CO 3 or Fe 3 O 4 /Mg-Al-CO 3 LDHs and Cd(II) many include (i) surface adsorption due to the nature of cations (ii) formation of CdCO 3 precipitation by anion exchange (iii) formation of outer sphere surface complexes with oppositely charged surface hydroxyl groups. The schematic illustration of the adsorption mechanisms is exposed Fig. 9c .
Drug delivery applications
Fe 3 O 4 /LDHs nanocomposites is always in the focus of many researchers as of their potential applications in the biomedical field. Between nanomaterials, the iron nanoparticles and two-dimensional layered double hydroxides have great interest in biomedical applications due to their layered structure and unique properties. However, composites of the layered double hydroxide are now budding as potential new drug delivery system due to its low toxicity and advanced biocompatibility [130] . Some studies have shown that the LDHs to have the same or lesser toxicity than the corresponding pure drug it carries when tested on normal cell lines [131] . Application of LDHs for the delivery of non steroidal antiinflammatory drugs was studied [132] . Many other drugs, such as amino acids, antidiabetic, antioxidants, antibiotics, cardiovascular, and peptides were intercalated into the inorganic nanolayers, which have been widely reviewed recently [133] .
Eswara et al. has been studied layered double hydroxide-Fe 3 O 4 magnetic nanohybrids for thermo-chemotherapy [104] . Figure 10 shows the electron micrographs of Fe 3 O 4 nanoparticles, pure LDH and Fe 3 O 4 /MgAl-LDHs magnetic nanohybrids with their corresponding selected area electron diffraction (SAED) patterns (inset). Figure 10a demonstrates the Fe 3 O 4 nanoparticles with essentially a spherical morphology and narrow size distribution. The particle size was in the range of 10-15 nm. Pure LDHs (Fig. 10c) illustrate a hexagonal morphology with nearly circular edges that have a particle size of 80-100 nm. The SAED patterns that correspond to the diffraction planes of (003), (006) and (009) were indexed. In addition, shang et al. [134] fabricated that the study of poly-(3-thiopheneacetic acid) coated Fe 3 O 4 @LDHs magnetic nanospheres as a photocatalyst for the photocatalytic disinfection of pathogenic bacteria under solar light irradiation and showed that poly-(3-thiopheneacetic acid) plays a key role in the disinfection process. The OH radicals those are responsible for photocatalytic disinfection can be produced easily from singlet oxygen ( 1 O 2 ) or superoxide radicals (O 2 .− ) on the surface of poly-(3-thiopheneacetic acid). So, it was assumed that the photo catalytic disinfection mechanism of this study was owing to the creation of OH, which is created from the surface of Fe 3 O 4 @PTh-Ac-LDHs. The produced OH could cause significant disorder in the permeability of bacterial cells, DNA damage and decomposition of the cell walls. Furthermore, the outer membrane of the cell was damaged, and the cell was no longer intact leading to leakage of the interior component. This highlights the substantial disorder in membrane permeability by OH in the disinfection process followed by the free efflux of intracellular constituents, which leads to cell death.
More recently, Zhao et al. was utilized core-shell structure of Fe 3 O 4 @MTX-LDH/Au NPs for cancer therapy [135] . Nearly monodispersed magnetic Fe 3 O 4 /MTX/LDHs/Au nanoparticles containing the anticancer agent of methotrexate (MTX) were prepared through co-precipitation electrostatic interaction strategy Fig. 11 . Herein, LDHs was used to carry and deliver the anticancer drug of MTX. In this, MTX was used both as the agent for surface modification and the anticancer drug for chemotherapy. Figure 12a Fig. 12b ), and the anticancer effect increased extensively after the treatment of irradiation. On the contrary the cell viability was also calculated for the untreated cells but irradiation (named as control sample) and the cell capability was calculated to be 91%. Compared with chemotherapy or photothermal treatment alone, the combined treatment proved a specific synergistic effect, resulting in higher therapeutic efficacy.
Conclusion and perspectives
In summary of recent important articles in the field of magnetic Fe 3 O 4 /LDHs nanocomposites, particularly from the viewpoint of the preparation and applications of Fe 3 O 4 / LDHs nano composites for photocatalytic treatment and environmental remediation also discussed. The review highlighted the different preparation methods such solvothermal route, hydrothermal method and co-precipitation method were applied to synthesize the Fe 3 O 4 /LDHs nano composites. LDHs correspond to one of the most scientifically promising sample as a result of their lowcost, relative simple synthesis. Magnetic Fe 3 O 4 /LDHs nanocomposites are an attractive valuable addition to the field of nanotechnology and are unique materials because of the magnetic nature and more catalytic property compared to the LDHs. The prepared a nano hybrid of Fe 3 O 4 MNPs and layered double hydroxides nano crystals by electrostatic interaction between the two components.
Moreover, magnetic Fe 3 O 4 /LDHs nanocomposites are the new promising parts of research particularly in waste water treatment and photocatalysis. The Magnetic Fe 3 O 4 / LDHs nano composites have more surface areas, distinguished adsorption capacity and stability than LDHs. Therefore, these magnetic Fe 3 O 4 /LDHs nanocomposites were marked as suitable for water decontamination and photo catalysis purpose; this estimation is only from an academic point of view. In addition, the hazard evaluation of magnetic Fe 3 O 4 /LDHs nanocomposites should be explored and their effect on the environmental remediation and photo catalysis studied in a wider context. Up to now magnetic Fe 3 O 4 /LDHs nanocomposites only were investigated for single pollutant systems. It is extremely suggested to test the presentation of magnetic Fe 3 O 4 /LDHs nanocomposites in the multi-pollutant polluted water such as organic dyes and toxic metals combined, which will take the research a step additional towards suitable applications.
